Abstract. Registration is a key component in multi-atlas approaches to medical image segmentation. Current state of the art uses intensitybased registration methods, but such methods tend to be slow, which sets practical limitations on the size of the atlas set. In this paper, a novel feature-based registration method for affine registration is presented. The algorithm constructs an abstract representation of the entire atlas set, anüberatlas, through clustering of features that are similar and detected consistently through the atlas set. This is done offline. At runtime only the feature clusters are matched to the target image, simultaneously yielding robust correspondences to all atlases in the atlas set from which the affine transformations can be estimated efficiently. The method is evaluated on 20 CT images of the heart and 30 MR images of the brain with corresponding gold standards. Our approach succeeds in producing better and more robust segmentation results compared to two baseline methods, one intensity-based and one feature-based, and significantly reduces the running times.
Introduction
Segmentation is one of the most fundamental problems in medical image analysis and may be used in order to locate tumors, measure tissue volumes, for the study of anatomical structures, surgery planning, virtual surgery simulation, intrasurgery navigation etc. [22] . The value of automatic segmentation is huge, since manual delineation is time-consuming and sensitive to the skill of the expert. It is important that the segmentation algorithm is robust and fast in order to be useful in clinical care. Moreover, the segmentation algorithm should produce results comparable to those by a skilled expert.
One segmentation method that has become popular in recent years is multiatlas segmentation [5, 12, 15, 21, 26] as it produces state-of-the-art results. Multiatlas segmentation relies on a set of atlases (images with corresponding manual delineations), which are separately registered to an unlabeled target image. The atlases are co-registered to a reference atlas where the features are clustered both according to descriptor distance and spatial distance to make sure that the features in the cluster describe the same anatomical structure and to exclude outliers. Online: Robust matching between the target image and theüberatlas is performed, directly gives feature correspondences between the target and all of the atlases. Using these correspondences all the atlases are robustly and efficiently registered to the target image.
Labels are transferred from the atlas images to the target image and fused by a voting scheme. In contrast to segmentation based on shape models, for example, active shapes [6], the solution is not constrained to be in the subspace spanned by the shape model. While being robust to non-satisfactory registrations multiatlas segmentation has the disadvantage of being dependent on multiple image registrations which in general take a lot of time to compute and consequently limits the practical size of the atlas set.
In principle, there are two different approaches to image registration, featurebased and intensity-based registration, see the surveys [14, 25] . Intensity-based methods are capable of producing very accurate registrations, but are often slow and sensitive to initialization. On the other hand, feature-based methods are fast, but risk failing due to the difficulty in establishing correct point-to-point correspondences between the images.
